Seven different actA subtypes forming two phylogenetic lineages could be distinguished by sequencing the actA gene of Listeria seeligeri isolates from different habitats. Isolates of the two lineages differ in hemolytic as well as phospholipase activities and in the arrangement of the virulence gene cluster. The presence of a serine protease gene resembling orf2110 of L. monocytogenes in some isolates further supports the hypothesis that L. seeligeri is subject to ongoing adaptation to changing environments. L. welshimeri, L. grayi, and L. marthii (4, 7, 17). Of these only, L. monocytogenes (15) and L. ivanovii (1, 18) are considered as pathogens. The pathogenicity is closely associated with a virulence gene cluster, although other genes like those coding for internalines are implicated in pathogenesis too (16). Like L. monocytogenes and L. ivanovii, L. seeligeri also carries a virulence gene cluster. Although genes of the virulence cluster are presumably not expressed in a correct or functional fashion (3, 20), L. seeligeri has been associated with human infection in one case so far (14). Recent studies reveal exceptions from the traditional classification into pathogenic and nonpathogenic Listeria species. L. innocua strains carrying a virulence gene cluster similar to that of L. monocytogenes have been isolated (6, 22). Moreover, nonhemolytic L. seeligeri isolates lacking the major part of the virulence gene cluster have been described (21).
affiliated with the virulence gene cluster (e.g., the 16S rRNA coding genes, the iap gene, and the putative protease gene orf2110). Isolates of lineage I exhibit higher hemolytic and phospholipase activities on selective agars than those of lineage II (Fig. 3) . ActA sequences of lineage II exhibit a high variability on the protein level (from 79.0% to 99.5% identity), resulting in six different actA subtypes (Fig. 1) . Notable differences are an insert of seven additional amino acids in subtypes 1 and 2, a leucine-proline repeat in subtypes 5 to 7, and a stop codon in the actA gene in subtype 4 .
Virulence clusters of L. seeligeri lineages I and II. Isolates L. seeligeri 90 and L. seeligeri 187, representing lineage I and lineage II, respectively, exhibit an identical arrangement of the virulence gene cluster with respect to gene organization. Both lineages also show high homology in the housekeeping genes prs and ldh (100% at the protein level), while other virulence gene products vary with respect to their identity from 81.3% to 99.1% (Table 2 ). The most significant differences between the lineages are observed with the dplcB and orfY genes. While the dplcB gene of lineage II represents a truncated form of the plcB gene, as described previously (3), the dplcB gene of lineage I includes 534 additional nucleotides, resembling the fulllength adjacent plcB gene. The hypothetical translation product, a preproenzyme, shows an identity of only 48.5% to the PlcB phospholipase of the same strain. It differs, however, in five out of nine zinc ion coordinating amino acids from PlcB. This would result in a nonfunctional enzyme, as an exchange of Trp1 to Leu1 would impair the binding of a zinc ion at site 1. The serine protease gene orf2110. The orf2110 gene encodes a hypothetical serine protease carrying a V8-like Glu-specific endopeptidase domain (COG3591) (13) as well as three Chw (Clostridium hydrophobic tryptophan) domains (12) . The orf2110 gene has been considered specific for L. monocytogenes serotypes 4b, 4d, and 4e (7) . In this study, a gene showing high similarity to the orf2110 gene of L. monocytogenes (95.6% to lmof2365_1900 in AAT04669) (11) and to a lesser extent to the analogous gene in L. welshimeri (80.2% similarity; lwe1890 in CAK21308) (5) is described for the first time in L. seeligeri. orf2110 is always located between the genes encoding a hypothetical alkaline protease (lmof2365_1899 in L. monocytogenes F2365 and lwe1889 in L. welshimeri SLCC5334) and a phosphomutase family protein (lmof2365_1901 in L. monocytogenes F2365 and lwe1891 in L. welshimeri SLCC5334). The flanking genes are also present in strains without an orf2110 gene, like in L. innocua (e.g., lin1984 and lin1985 in AL592022 L. innocua strain Clip 11262) (8) and some L. seeligeri strains (Fig. 2) . The orf2110 gene is present in the isolates of lineage I as well as in some isolates of lineage II, primarily in ActA types 4 and 5 ( Fig. 2) . It is noteworthy that the orf2110 genes of L. seeligeri resemble more closely the genes from L. monocytogenes, whereas the 16S and 23S rRNA coding genes as well as the iap gene are phylogenetically related to L. welshimeri (16) . Conclusions. It has been suggested that L. seeligeri carries an ancestral form of the virulence gene cluster, which has been deleted from the chromosome of L. innocua and L. welshimeri (8) and some L. seeligeri isolates (21) . This cluster would have been subsequently optimized by "pathoadaptive mutations" for the infection and survival in mammals during the evolution of L. monocytogenes and L. ivanovii (19) . It has been hypothesized that the virulence gene cluster of L. seeligeri and its low expression are adequate for survival in bacteriovorous protozoae like Tetrahymena (9). However, our results suggest that L. seeligeri is subject to ongoing adaptation to changing environments. Accordingly, lineage II appears to be better adapted to natural environments, as indicated for example by the deletion in the dplcB gene, the stop codon within the actA gene, or the loss of the entire virulence gene cluster (21) . On the other hand, lineage I might be better adapted to the mammalian hosts, as indicated by higher hydrolytic activities. The concomitant deletion in the orfY gene might also contribute to survival in mammalian hosts as this gene is lacking in L. monocytogenes too. 
